Recent molecular phylogenetic studies of Southeast Asian shrews (Crocidura) suggest that Crocidura mindorus, as currently defined, is diphyletic. The species is reported from Mindoro (type locality) and Sibuyan islands in the Philippines, each of which has been isolated from other land masses over considerable geological timescales. We examined morphological evidence to determine whether the Mindoro and Sibuyan populations represent distinct, endemic species. We found that the two populations differ in discrete and mensural characters. This evidence, combined with previous molecular phylogenetic studies, confirms that the Sibuyan population is an isolated, independently evolving lineage, and we formally describe it as a new species, Crocidura ninoyi.
Shrews of the genus Crocidura were first reported from Sibuyan Island, a center of endemism in the central Philippines, by Goodman and Ingle (1993) . Heaney and Ruedi (1994) tentatively referred these specimens to Crocidura mindorus Miller, 1910 , a species previously known and described only from high-elevation areas on Mt. Halcon, Mindoro Island. However, recent phylogenetic analyses of Southeast Asian Crocidura reveal that C. mindorus, as presently defined, is diphyletic, with mitochondrial sequence data strongly supporting the position of the Sibuyan shrew as sister to C. negrina Rabor, 1952 + C. panayenis Hutterer, 2007 Esselstyn and Oliveros 2010) . Topotypical C. mindorus are either sister to this clade or in a basal polytomy with other species from the Philippines ). Sequences of 3 nuclear loci do not resolve these relationships, but the Sibuyan population has a unique haplotype at each locus ).
Sibuyan is a small, geologically young island surrounded by deep water and diverse source pools of potential vertebrate colonists, including the islands of Leyte, Luzon, Mindoro, and Panay ( Fig. 1) . Sibuyan has not been connected to any other island throughout its geological history (Hall 1998; Heaney 1986; Miller et al. 2005; Voris 2000) . Several authors have suggested that certain mammalian populations from Sibuyan represent endemic taxa, including members of the genera Apomys, Chrotomys, and Haplonycteris (Heaney et al. 1998; Rickart et al. 2005; Roberts 2006; Steppan et al. 2003) .
We evaluated discrete and mensural morphological characters to determine the specific status of the Sibuyan population and overlaid this information on the molecular genetic evidence. The number of specimens available for Philippine Crocidura is much greater than when the group was last reviewed (Heaney and Ruedi 1994) , but additional collections are needed to help elucidate the species limits and evolutionary history of these animals.
MATERIALS AND METHODS
Specimens of Sibuyan shrews were collected in Victor rat traps (Woodstream Corp., Lititz, Pennsylvania) and pitfall buckets (approximately 12 liters without drift fence) on the slopes of Mt. Guiting-guiting, Sibuyan Island, Romblon Province, Philippines in 1989 and 1992 (Goodman and Ingle 1993 . Specimens were prepared as museum study skins and skeletons or were fluid-preserved (fixed in 10% formalin before being transferred to 70% ethanol); all specimens were deposited w w w . m a m m a l o g y . o r g in the Field Museum of Natural History (FMNH). On the basis of the phylogenetic conclusions of Heaney and Ruedi (1994) , Oliveros (2010) , we compared the Sibuyan Crocidura series to members of the central Philippines clade, which includes C. mindorus from Mindoro Island, C. negrina from Negros Island, and C. panayensis from Panay Island. We evaluated both discrete and mensural features and included the holotypes of C. mindorus and C. negrina in our comparisons. C. grandis Miller, 1910 is the only Philippine member of the genus that has yet to be included in molecular phylogenetic analyses, and it is known only from the holotype, taken in 1906 on Mt. Malindang, Mindanao Island (Miller 1910) . Although it is possible that C. grandis is a member of the central Philippines clade, we excluded it from qualitative comparisons because of our inability to account for intraspecific character variation. Nevertheless, we included cranial measurements from the holotype of C. grandis and note that it is much larger than all other Philippine Crocidura species. For details of the qualitative differences between the Sibuyan population and the holotype of C. grandis, we refer the reader to Heaney and Ruedi (1994) .
All cranial measurements were taken by JAE with digital calipers accurate to the nearest 0.01 mm. We measured several cranial dimensions (condylo-incisive length, brain breadth, interorbital width, rostral length, postpalatal depth, postpalatal length, condyle to glenoid fossa, length of the upper tooth row, P4 to M3 (alveolar), and labial width M2 to M2), following Heaney and Timm (1983) . External measurements (head and body length, tail length, hind foot length, and mass) were assembled from specimen tags and collector field notes. Only adult specimens were included, as judged by fully erupted molars and fused basioccipital and basisphenoid bones. Because of limited sample sizes, we pooled sexes and assumed a lack of sexual dimorphism. Specimens examined are held in the Cincinnati Museum Center (CMC), FMNH, United States National Museum of Natural History (USNM), University of Kansas Biodiversity Research Center (KU), and University of Michigan Museum of Zoology (UMMZ; Appendix I).
RESULTS
On the basis of previous molecular phylogenetic studies Esselstyn and Oliveros 2010 ) and the morphological characters described below, the Sibuyan specimens of Crocidura are recognized as a previously undescribed species.
Crocidura ninoyi, new species
Holotype.-Young adult female (FMNH 145686) captured 22 February 1992. The specimen consists of a dried skin, cleaned skull and postcranial skeleton, and frozen tissue. The dentition is fully erupted, and the suture between the basioccipital and basisphenoid is fully fused, but fissures on the parietal bones are not yet closed (Fig. 2) . The animal was pregnant with large mammae and a single embryo that measured 14 mm in crown-rump length.
Type locality.-Philippine Islands: Romblon Province, Sibuyan Island, 4.5 km S and 4 km E of Magdiwang, NW slope of Mt. Guitinguitin [5Guiting-guiting], 12.45uN, 122.55uE, 325 m elevation.
Paratypes.-Five additional specimens are known, all deposited in the FMNH. FMNH 145685 is an adult male consisting of a skin, skull, skeleton, and frozen tissue. FMNH 137022 is an adult female preserved in fluid with the skull removed and cleaned. FMNH 137022 and 145685 were taken at the type locality. FMNH 146788, 146789, and 146790 are adult males preserved in fluid; FMNH 146788 includes a frozen tissue sample. These latter three specimens were collected at Philippine Islands: Romblon Province, Sibuyan Island, 6 .75 km S and 4.5 km E of Magdiwang, NW slope of Mt. Guitinguitin [5Guiting-guiting], 12.433uN, 122.550uE, 1,325 m elevation.
Distribution.-Crocidura ninoyi is endemic to Sibuyan Island, Philippines, and has been recorded only at 325 m and 1,325 m elevation on Mt. Guiting-guiting. Etymology.-The new species is named in honor of Benigno ''Ninoy'' Aquino, Jr., a deceased Filipino senator who resisted the autocratic regime of Ferdinand Marcos from the late 1960s to early 1980s. His assassination in 1983 led to the fall of Marcos and the reinstitution of democracy in the Philippines.
Diagnosis.-The new species is a medium-sized Crocidura, with a head and body length of 84-97 mm, tail of 66-75 mm, and mass of 9.5-13.5 g (Table 1 ). Its pelage is gray-brown and slightly darker on the dorsum than on the venter. The tail pigmentation is similar to that of the pelage. The tail is nearly naked with sparse bristle hairs on the proximal half. The soles of the feet are moderately pigmented relative to other members of the central Philippines Crocidura clade, with prominent plantar granulae (Heaney and Ruedi 1994) .
The skull is compressed dorsoventrally and less globose than topotypical C. mindorus (Fig. 2) . The suture between the occipital and parietal bones is depressed and notably anterior to the lambdoidal crest, giving the impression of a prominent lambdoidal crest. The interorbital region is intermediate in breadth and the rostrum short relative to other members of the central Philippines Crocidura clade. The talonid heel and the parastyle of P4 are prominent; the posterior margin of this tooth is notably convex. A prominent talonid is also present on M1 and M2.
Description and comparisons.-The cranium of C. ninoyi is less globose, narrower, and more compressed dorsoventrally than in C. mindorus (Fig. 2) and C. negrina; it is wider and slightly more inflated than in C. panayensis (illustrated in Hutterer 2007) . The interorbital region is narrower than in C. mindorus or C. negrina but wider than in C. panayensis. The skull is longer than in C. panayensis, slightly longer than in C. mindorus, and slightly shorter than in C. negrina (Table 1) .
The upper toothrow is slightly longer in C. ninoyi than in C. mindorus and C. panayensis but similar to C. negrina (Table 1 ). The upper unicuspids of C. ninoyi are wider than in C. panayensis, slightly wider than in C. mindorus, and similar in width to those of C. negrina. The size of the second unicuspid relative to the first is greater in C. ninoyi and C. negrina than in C. mindorus and C. panayensis. The talonid heel of P4 is more prominent in C. ninoyi than in C. mindorus (Fig. 3) but less prominent than in C. negrina and C. panayensis. The posterior margin of P4 is similarly convex to that of C. mindorus but more so than in either C. negrina or C. panayensis. The parastyle of P4 is similarly prominent to C. mindorus but smaller in C. negrina and C. panayensis. The hypocones and talons of M1 and M2 are more prominent than in C. mindorus (Fig. 3) but less so than in C. negrina or C. panayensis.
The fore and hind feet of the new species are narrower and the digits less robust than those of topotypical C. mindorus, being more similar in overall size to the feet of C. negrina and C. panayensis. The tail in C. ninoyi is thin and has few bristle hairs compared with C. negrina and C. panayensis. In contrast to C. ninoyi, C. negrina, and C. panayensis, the tail of C. mindorus is thick, with numerous bristle hairs along the entire length.
Phylogenetically, the Sibuyan population is distinct from all other Philippine Crocidura sequenced by and Esselstyn and Oliveros (2010) in mitochondrial and nuclear genes. C. ninoyi is probably sister to C. negrina + C. panayensis, with topotypical C. mindorus possibly sister to C. ninoyi + C. negrina + C. panayensis. Genetic distances between the Sibuyan population and topotypical C. mindorus are greater than those between other Philippine Crocidura (Table 2) .
DISCUSSION
Genetic and morphological data provide consistent evidence for the recognition of the Sibuyan Crocidura population as a distinct species. Although only a limited number of specimens of C. mindorus and C. ninoyi are available, discrete and consistent differences in morphological features exist between these taxa. The occurrence of these species on islands that have never been connected by land bridges (Heaney 1986; Miller et al. 2005) further suggests a lack of gene flow. Hence, the colonization of Sibuyan by Crocidura is probably best explained by overwater dispersal on a raft of vegetation and soil. TABLE 1.-Morphometric variation in 4 species of Crocidura from the Philippines. Cranial measurements from the holotype of C. grandis are provided for comparison. Abbreviated column headers represent condylo-incisive length, brain breadth, interorbital width, rostral length, postpalatal depth, postpalatal length, condyle to glenoid fossa, length of the upper tooth row, P4 to M3 (alveolar), width M2 to M2 (labial), head and body length, tail length, hind foot length, and mass (g), respectively. All linear measurements are in mm. Values given for each variable, from upper to lower, are: mean, SD, and n. HF measurements of C. ninoyi do not include the claw. TABLE 2.-Uncorrected genetic distances (p-distance) among 4 species of Philippine Crocidura, including sequence data from mitochondrial (mt) DNA (cytochrome b and NADH dehydrogenase 2: mtDNA) and the nuclear genes apolipoprotein B (ApoB), dead box Y (DBY), and mast cell growth factor (MCGF). These calculations were derived from the alignments of Esselstyn and Oliveros (2010 Recent fieldwork conducted on Mindoro at low to mid elevations (100-1,200 m) resulted in the capture of C. grayi Miller, 1910 but not C. mindorus, suggesting that the latter could be restricted to high elevations. In contrast, C. ninoyi appears to occupy a wide elevational range on Sibuyan. Fieldwork in 1989 and 1992 covered an elevational transect on Mt. Guiting-guiting at sites of 30, 325, 725, and 1,325 m. Although field protocols were identical at all of the sites, the new species was collected only at 325 and 1,325 m. No noticeable differences are found between the specimens from these 2 elevations, and we assume that C. ninoyi occurs at elevations between 325 and 1,325 m. It also might occur in suitable habitat at elevations above and below this range.
The 325-m site, where FMNH 137022, 145685, and 145686 were taken, was partially disturbed lowland forest characterized by a canopy of 20-30 m, few epiphytes, extensive lower and mid-canopy vines, patchy leaf litter cover, and essentially no humus cover. The 1,325-m site, where FMNH 146788-146790 were collected, was undisturbed montane mossy forest, with sections dominated by tall bamboo, a canopy of 8-10 m, extensive epiphytes, few vines, and dense leaf litter and humus cover (see Goodman et al. 1995 for further descriptions of the surveyed sites). Two of the six animals captured were obtained in pitfall buckets placed in valley bottoms and the balance in Victor snap traps installed on the ground. One animal (FMNH 146788) was captured about 30 min after dawn.
With the description of C. ninoyi, the total number of Philippine Crocidura formally recognized as species is 10. Most species are endemic to a single island, but others, such as C. beatus and C. grayi, are widespread, genetically variable ), and warrant careful examination of morphological variation. One species, C. tanakae Kuroda, 1938 , is widespread, apparently occurring broadly outside the Philippines (Esselstyn and Oliveros 2010) .
Sibuyan Island, with a surface area of slightly more than 460 km 2 and maximum elevation at 2,040 m, is home to several endemic species and subspecies of plants and animals (Argent et al. 2007; Goodman et al. 1995; Nerz et al. 1998; Rickart et al. 2005 ). The island clearly represents an important center of endemism within the Philippines and thus warrants significant conservation efforts. Fortunately, Sibuyan retains proportionally more lowland forest than most areas of the Philippines, including an unbroken swath across a broad elevational gradient. However, deforestation and mining on the island represent significant threats to its endemic fauna (Goodman and Ingle 1993; Mallari et al. 2001 ). Subsequent to the field research that yielded the type series of C. ninoyi, approximately 30% (15,265 ha) of Sibuyan Island was proclaimed as a protected area, known as the Mt. Guitingguiting Natural Park. Assuming proper management of this park, the known distribution of C. ninoyi is protected.
